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1. Introduction

Death monitoring is a key basis for formulating social and economic develop-
ment plans, evaluating the health level of residents, and optimizing the alloca-
tion of health resources (China Disease Control and Health Publish, 2005; Guo-
wei Planning Publish, 2013). Almost all socio-demographic variables, including
gender, education degree, urbanization level, marital status, age, and the country
of birth, are correlated with where a person with a terminal disease dies (ie., at
home or in a medical institution) (Cabaero-Martinez et al., 2019). There are many
factors influencing where people choose to die, including age, marital status,
education degree, occupation, and the type of terminal disease (Han et al., 2015).
For example, in China, the people without spouses are more likely to die outside
the hospital ward (Han et al., 2015), while people with lower education degree,
influenced by Chinese traditional culture, are more likely to die at home (Liao et
al., 2019; Li et al., 2012). In China, the proportion of hospital deaths is less than
20%, about 1/3 of those in the western countries (Jiang et al., 2020). Data from
two hospitals in Wuhan showed that patients with advanced cancer were more
likely to die at home, accounting for 79.61%, and 20.39% in other death sites (Liao
et al., 2019). The distribution of death sites has its imbalance. For example, in
Min Hang District of Shanghai, more residents died in the medical wards than at
home (40% and 20% of deaths, respectively) (Chen et al., 2021). A study in the
United Kingdom showed that from 2004 to 2014, the proportion of deaths in
homes and nursing homes increased (18.3% to 22.9% and 16.7% to 21.2% re-
spectively), while the proportion of deaths in hospital decreased (57.9% to 48.1%)
(Bone et al.,, 2018). A similar trend has occurred in Spain, where death tallies
from 2012 to 2015 reveal that two-fold more people are dying in hospitals than
at home.

According to the World Health Organization, bone malignant tumors account
for 0.2% of all tumors (Chen et al., 2012a). From 2003 to 2007, Chinese bone can-
cer mortality rate ranked 19th in the malignant cancer death rates in the country
(Chen et al., 2012b). Our previous work has revealed that mortality of bone can-
cer was 1.12/10° in Inner Mongolia during the 2008-2012 (Guo et al., 2015). In
the same period, the mortality of colon cancer was five-fold than in bone cancer
(Xin et al., 2014), and the mortality of breast cancer was nine-fold than in bone
cancer (Hu et al., 2014). However, there are few epidemiological studies on bone
cancer. Despite the low mortality rate of bone-related diseases, they still have an
impact on human life. Therefore, it is necessary to analyze the characteristics of

bone-related disease death.
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2. Materials and Methods

2.1. Data Sources

Death data from 2008 to 2015 were obtained from the Death Registry System at
the Inner Mongolia Center for Disease Control and Prevention. These data came
from individuals located in the mid-western and eastern regions of monitoring
locations in Inner Mongolia. The mid-west monitoring locations included BaMeng
Linhe, Baotou Tumd Youqi, Haibowan District, Ejin Horo Qi, Dongsheng Dis-
trict, Huimin District, Chahar Right Front Banner, Alxa Left Banner, Wuchuan
County, and the Qingshan District. The eastern monitoring locations included Bai-
rinYougqi, Yakeshi City, Kailu County, Sonid Yougqi, Keshiketeng Qi, Naiman Ban-
ner, Arun Banner, Manzhouli City, Horqin Right Wing Middle, and West Ujim-
qin Banner. These monitoring locations were selected by the National Disease Mon-
itoring Point System (Yang & Zheng, 1992; Zhou et al., 2010).

2.2. Methods
2.2.1. Survey Method

According to the International Classification of Diseases, our study included da-
ta on bone-related disease deaths such as those from bone and articular cartilage
malignancies (C40) of the limbs (Ze, primary bone cancer) and secondary bone
marrow malignant tumors (C79.5) (Ze, secondary bone cancer). Bone diseases such
as rickets (M80, M81, M82, M83, M84, M85, M87, M88, M89.9, M90, M91.1, M93.0,
and M94.0) were also included. For individuals who expired due to these causes,
we classified the site of death as home, medical-related institutions (Ze., medical
and health institutions, hospital ward, emergency room, or on the way to the

hospital), other, and unknown.

2.2.2. Statistical Analysis

We calculated the 8-year average mortality rates from primary bone cancer, sec-
ondary bone cancer, and bone disease, broken down by gender, region, and age.
The mortality rate was calculated as the number of deaths during the study pe-
riod/population size x 100,000; age-specific growth rate was calculated as incre-
ment/original total x100%. According to the education degree, we also calculated
proportion of death sites by region, age, gender, ethnicity, marriage status, and
season. Education degree was classified as either high or low, where “high edu-
cation” included high school and above (high) and “low education” included ju-
nior school and below (low). x* tests were used to analyze the influence of educa-
tion degree, demographic characteristics, and season on the distribution of death
sites. Microsoft Excel and SPSS25.0 statistical software were used for data analy-

sis and results were considered significant at 2< 0.05.

3. Results

The average mortality rate of bone-related disease was 1.59/10° over the eight-year

study period. The mortality of primary bone cancer (64.07%) was twice that of
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secondary bone cancer (30.95%), while bone disease only accounted for 4.98% of
bone-related disease mortality. Overall, the mortality rate of male was 1.63-fold
higher than that of female. The mortality rate of primary bone cancer was higher
in the eastern regions than in the Midwest by a factor of 1.25:1. Secondary bone
cancer and bone disease mortality rates were substantially lower in the east than
in the mid-west (0.66:1 and 0.27:1, respectively). Average bone-related disease
mortality rate increased with advancing age: while growth rates ranged from
108.19% to 270.49% across all results, with the highest growth rate in the 55-year
age group (Table 1).

For the proportion of education degree, the male and female deaths were 63.48%
and 74.85%, respectively in the low education group (Table 2). Male deaths in the
low education group were 1.73-fold that in the high education group, while female
deaths in the low education group were 2.98-fold that of females in the high edu-
cation group. Elderly (age > 55) patients with low education degree were 3.3-fold
more likely to die than those in the high education group. The death proportion
of low education is higher than that of high education, whether in the eastern or
the mid-western regions. In the east, patients with lower education degree were
1.87-folds more likely to die than those with higher education, while in the mid-
west, patients with lower education were 2.26-fold more likely to die than those

with higher degree of education.

Table 1. Demographic characteristics of death from bone-related disease in monitoring points of Inner Mongolia Autonomous
Region, 2008-2015.

Total Primary bone cancer Secondary bone cancer Bone disease
Mortality Growth Proportion Mortality Proportion Mortality Proportion Mortality
(1/10°)  rate (%) (%) (1/10°) (%) (1/10°) (%) (1/10%)
Average
rate 462 1.59 — 296 64.07 1.02 143 30.95 0.49 23 4.98 0.08
Gender
Male 295 1.95 — 193 65.42 1.27 89 30.17 0.59 13 4.41 0.09
Female 167 1.2 — 103 61.68 0.74 54 32.34 0.39 10 5.98 0.07
Region
East 194 1.55 — 143 73.71 1.15 47 24.23 0.38 4 2.06 0.03
Midwest 268 1.61 — 153 57.09 0.92 96 35.82 0.58 19 7.09 0.11
Age
<25 23 0.27 — 17 73.91 0.20 5 21.74 0.06 1 4.35 0.01
25- 30 0.40 48.15 22 73.33 0.29 6 20.00 0.08 2 6.67 0.03
40- 95 1.22 205.00 62 65.26 0.80 31 32.63 0.40 2 2.11 0.13
55- 170 4.52 270.49 106 62.35 2.82 58 34.12 1.54 6 3.53 0.16
70- 127 9.41 108.19 83 65.35 6.15 40 31.50 2.96 4 3.15 0.03
85- 17 21.29 126.25 6 35.29 7.52 3 17.65 3.76 8 47.06 10.02
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Table 2. Distribution of death from bone-related diseases by education degree at monitoring points in Inner Mongolia Auto-

nomous Region from 2008 to 2015.

Junior school and below High school and above - P
N Proportion (%) N Proportion (%)

Gender 6.171 0.013
Male 186 63.48 107 36.52

Female 122 74.85 41 25.15
Age 36.687 0.00
<55 70 48.28 75 51.72
=55 238 76.77 72 23.23

Region 0.9 0.343
East 125 65.10 67 34.90

Midwest 183 69.32 81 30.68

The highest proportion of the death site in the bone-related death is at home
(68.61%). Of these home-based deaths, primary bone cancer death accounted for
66.89%, while secondary bone cancer death accounted for 73.42%, and bone dis-
ease death accounted for 60.87% by proportion of various death site. The second
most common death site was in the hospital ward. In hospital wards, bone-related
disease death accounted for 18.40%; of these, primary bone cancer, secondary
bone cancer, and bone disease death accounted for 20.27%, 13.99%, and 21.74%
respectively in proportion of various death site. As such, we classified all death
sites as two categories: one is at home, and the other is in medical institutions
(Table 3).

Table 4 shows the proportions of the two death sites. In the lower education
group, 78.03% of deaths occurred at home, which was a rate 1.5-fold higher than
in the high education group (P< 0.001, X* = 33.988) (Table 4). In the east, 80.73%
of deaths occurred at home compared to 61.13% in the mid-west (P< 0.001, X* =
20.121). Nearly 3/4 of those older than 55 died at home (2 < 0.05, X? = 7.135).
The proportion of death at home by death sites showed that the widower was
77.78%, the married was 69.70%, and the unmarried was 51.52%. Male and fe-
males accounted for 68.15% and 71.52% of deaths at home, respectively. How-
ever, the death site from bone-related disease did not differ between males and
females (P> 0.05).

The proportion of low education death at home was 76.04%, which was
1.58-fold higher than that in medical related institutions. The proportion of high
education death in medical related institutions was 51.80%, which was 2.13-fold
higher than those that occurred at home. The proportion of low education with
secondary bone cancer death at home was 80.58%, which was more than twice as
many deaths in medical related institutions. The proportion of high education
with secondary bone cancer death in medical related institutions was 61.11%,
which was 3.15-fold higher than those that occurred at home (Table 5).

There was no difference between low education and high education in the
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proportion of death sites across the year. The only seasonal differences in death
sites occurred in the summer and spring (P = 0.035) (Table 6).

Table 3. The distribution of death sites from bone-related diseases at monitoring points in Inner Mongolia Autonomous Region
from 2008 to 2015.

Total Primary bone cancer  Secondary bone cancer Bone disease
Death site
N Proportion (%) N  Proportion (%) N  Proportion (%) N Proportion (%)
Home 317 68.61 198 66.89 105 73.42 14 60.87
Medical and health institutions 41 8.87 24 8.11 14 9.79 3 13.04
Hospital ward 85 18.40 60 20.27 20 13.99 5 21.74
Emergency room 10 2.17 9 3.04 1 0.70 0 0.00
On the way to the hospital 4 0.87 2 0.68 1 0.70 1 4.35
Other 3 0.65 2 0.68 1 0.70 0 0.00
Unknown 2 0.43 1 0.33 1 0.70 0 0.00

Table 4. Death from bone-related disease sites in demographic characteristics at monitoring points in Inner Mongolia Autonom-
ous Region from 2008 to 2015.

Total Medical related institutions Home ,
N Proportion (%) N Proportion (%) N  Proportion (%)
Education degree 33.988 0.000
Junior school and below 305 66.74 67 21.97 238 78.03
High school and above 147 32.17 72 48.98 75 51.02
Unknown 5 1.09 1 20.00 4 80.00
Age 7.135 0.008
<55 146 31.95 57 39.04 89 60.96
=55 311 68.05 83 26.69 228 73.31
Years 2.086 0.149
08-11 148 32.39 52 35.14 96 64.86
12-15 309 67.61 88 28.48 221 71.52
Gender 0.562 0.454
Male 292 63.89 93 31.85 199 68.15
Female 165 36.11 47 28.48 118 71.52
Region 20.121 <0.001
East 192 42.01 37 19.27 155 80.73
Midwest 265 57.99 103 38.87 162 61.13
National 0.298 0.889
Han 406 88.84 126 31.03 280 68.97
Mongolia 42 9.2 12 28.57 30 72.43
Other 9 1.97 2 22.22 7 77.78
Marriage 6.761 0.034
Married 363 80.67 110 30.30 253 69.70
Widowed 54 12.00 12 22.22 42 77.78
Unmarried 33 7.33 16 48.48 17 51.52
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Table 5. Death from bone-related disease sites by education degree at monitoring points in Inner Mongolia Autonomous Region

from 2008 to 2015.

Total Junior school and below  High school and above - »
N Proportion (%) N Proportion (%) N  Proportion (%)

Death site 33.98 0.00
Home 313 68.49 238 76.04 75 23.96
Medical related institutions 139 30.42 67 48.20 72 51.80

Home 4.56 0.033
Primary bone cancer 88 46.07 59 67.05 29 32.95
Secondary bone cancer 103 53.93 83 80.58 20 19.42

Medical related sites 0.645 0.422
Primary bone cancer 33 47.83 16 48.48 17 51.52
Secondary bone cancer 36 52.17 14 38.89 22 61.11

Table 6. Seasonal distribution
Region from 2008 to 2015.

of death from bone-related diseases sites at monitoring points in Inner Mongolia Autonomous

First quarter Second quarter Third quarter Fourth quarter - »
N Proportion (%) N Proportion (%) N Proportion (%) N Proportion (%)
Death site 8.586 0.035
Home 72 22.71 107 33.75 76 23.98 62 19.56
Medical related institutions 50 35.71 37 26.43 30 21.43 23 16.43
Home
Junior school and below 52 21.85 80 33.61 57 23.95 49 20.59 1.362 0.714
High school and above 20 26.67 27 36.00 15 20.00 13 17.33
Medical related institutions
Junior school and below 20 29.85 21 31.34 15 22.39 11 16.42 2.195 0.533
High school and above 29 40.28 16 22.22 15 20.83 12 16.67

4. Discussion

Here, we reveal that the bone-related disease mortality rate in Inner Mongolia
(1.59/100,000) was slightly higher than that in China (1.36/100,000) (Chen et al.,
2012b). The mortality rate of primary bone cancer was higher than that of sec-
ondary bone cancer. The primary and secondary bone cancers accounted for the
majority of all bone-related deaths, exceeding 95%. More than half of bone-re-
lated disease deaths occurred at home, with secondary bone cancer deaths oc-
curring at home being higher compared to those from primary bone cancer. The
lower the education degree, the higher the proportion of death at home (Li et al.,
2012). Our research showed that the proportion of low education degree died at
home is high. It is consistent with a study on the death site of Chinese citizens in

2016 (Jing & Yuan, 2016). Much previous research has investigated the factors
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influencing the death site, including social economic status, education degree,
availability of medical services, and traditional beliefs (Han et al., 2015; Li et al.,
2012; Jing & Yuan, 2016). However, a comprehensive study showed that the re-
lationship between the death site and education degree is inconclusive (Neer-
gaard et al., 2019). It is worth noting that the proportion of low education degree of
bone-related disease death in elderly exceeded 3/4 and the mortality increased
linearly with age, which is consistent with our previous results (Guo et al., 2015).
We also found that age had a correlation with death site, and nearly 3/4 of people
over 55 years old died at home. Due to the low education degree, as well as the
familiar relatives in the environment of home, which can reduce the fear of death
(Liao et al., 2019), the elderly prefer to die at home. Marriage status did not influ-
ence death site.

We revealed that people with lower degrees of education were more likely to
die at home, which is in accord with previously published findings (Li et al., 2012;
Jing & Yuan, 2016). Whether in the mid-western regions or the eastern regions,
the death proportion of low education degree is higher than that of high educa-
tion degree, although there are differences in the death proportion between the
eastern and mid-western regions. We also discovered that the proportion of deaths
at home was lower in the mid-western region than in the eastern regions. In In-
ner Mongolia, the western economy is better than that in the East (Tian & Bao,
2018), which may help explain this pattern (Wang et al., 2020). In both regions,
however, more home deaths occurred among those with lower degrees of educa-
tion. Those who with lower incomes tend to die at home due to high medical ex-
penses and other reasons (Liao et al., 2019; Li et al., 2012). Due to the long and
cold winter in Inner Mongolia, the land is sparsely populated, and transportation
is inconvenient. As such, we compared the proportion of deaths by both season and
education degree. The results showed that the season did not influence the death
site.

Our findings showed that deaths from bone-related diseases are mostly at
home, which mainly come from bone cancer. Moreover, the lower the education
degree, the higher the proportion of deaths at home. This study will be helpful to
understand the influence of various demographic characteristics on the distribu-

tion of death sites.
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